Based on simple clinical and biochemical parameters of nutritional status, seventy adult patients scheduled for elective surgery under general anaesthesia were categorized as having normal nutrition, mild, moderate or severe malnutrition or obesity Under anaesthesia, evoked responses on train-of-four nerve stimulation were recorded every 15 seconds on a mechanomyograph. Vecuronium 0.1 mgkg-' was used to achieve neuromuscular blockade. Compared with patients having normal nutrition, the time to onset of action was significant& prolonged in the moderate and severely malnourished groups; the time to no response on train-of-four stimulation was delayed only in severely malnourished groups (P<O.OOl). The duration of action of the initial dose was shorter in the moderate and  severely malnourished groups. The obese group had an earlier onset of action and a 
Protein energy malnutrition in adults is an increasingly recognized and reported problem in many developing countries','. It has been reported in 48% of hospitalized medical adult patients' and in 50% of hospitalized surgical adult patients4. Malnutrition may enhance the action of muscle relaxants by interfering with acetylcholine synthesis and release'. It has also been reported that there is a reduced requirement for muscle relaxant because of diminution in total body mass". There are few data on the use of muscle relaxants in malnourished patients. In this study we aimed to assess the effects of malnutrition on vecuronium-induced neuromuscular blockade.
PATIENTS AND METHODS
The study protocol was approved by the hospital ethics committee and informed consent was obtained from all patients. Adults in the age range of 18 to 50 years of either sex undergoing elective surgical, gynaecological, ENT and orthopaedic procedures requiring muscle relaxation under general anaesthesia were included in the study on a consecutive basis over a period of one year. All participants were subjected to nutritional assessment based on anthropometric and biochemical parameters as shown in Table 1 .
Ideal body weight of either sex of Indian subjects was derived from standard nomograms used by the Life Insurance Corporation of India. To arrive at a definitive nutritional status for a given individual patient maximum rating was assigned to body mass index (BMI). Measured values of serum protein, serum albumin and haemoglobin were used to justify borderline cases where discrepancies existed. We could not obtain any reference which had a comprehensive scoring system involving all the parameters listed in Table 1 for nutritional assessment. Normal values and ranges of BMI in various grades of nutritional status for Indian subjects were derived from recommendations of Gopaldas and Seshadri". The normal values and ranges from serum protein, serum albumin and haemoglobin were derived from recommendations of Russcl et al', Park and Park" and WHO technical report"'. Based on their nutritional status, patients were categorized as: normal nutrition (n=15); mild malnutrition (n= 15); moderate malnutrition (n=15); severe malnutrition (n= 14); obese (n=ll). Patients with ascites, oedema due to causes other than malnutrition, pregnant women, patients taking any medication likely to affect neuromuscular transmission or those with severe neuromuscular, renal or hepatic conditions were not studied. All patients received oral premeditation with diazepam 0.2 mg.kgm' (max 10 mg) two hours before operation. Following intravenous cannulation of the left forearm the right forearm was prepared for neuromuscular monitoring. A myotest nerve stimulator with "M yograph-2000" recording system (Biometer, Denmark) was used for neuromuscular monitoring. The ulnar nerve at the wrist was stimulated with supramaximal train-of-four stimuli. The adductor pollicis was preloaded with 250-3008 load on the force tension transducer assembly. Evoked responses on TOF stimulation were recorded every 15s on the recorder. Nerve stimulation and recording was started after induction of anaesthesia with thiopentone. Other intraoperative monitoring included ECG, arterial blood pressure (non-invasive), peripheral oxygen saturation and capnography.
Morphine 0.1 mg.kg-' was injected intravenously. Ten minutes later anaesthesia was induced with thiopentone 4 mg.kg-' intravenously. Vecuronium bromide 0.1 mg.kg-' was administered to achieve neuromuscular blockade. Tracheal intubation was performed at disappearance of all four responses to train-of-four stimuli. Till then respiration was assisted with 33% oxygen in nitrous oxide with 0.5% halothane through a facemask.
Anaesthesia was maintained with 66% nitrous oxide in oxygen with 0.5% halothane. Respiration was controlled using an Ohmeda Servovent ventilator (Ohmeda). End-tidal carbon dioxide was maintained between 4.5 and 5. Results were analysed using ANOVA. Tukey HSD and multiple range tests were applied to calculate mean, standard deviation and error of data for time of onset of action of vecuronium in the various grades of malnourishment. P values were derived for time of onset, onset of peak effect after initial dose, duration of action of initial and supplementary doses and time to reverse the residual neuromuscular blockade of vecuronium.
RESULTS
Patients in the study groups were similar in respect of age and sex distribution. Their mean age was 35 years (IS-70 years) and the male to fcmalc ratio was 37:33. The range and type of surgeries arc shown in Table 2 .
The mean values of body weight, body mass index, haemoglobin, serum protein and serum albumin of patients are shown in Table 3 .
The results are shown in Table 4 . The onset time of vecuronium block was significantly prolonged in the moderately and severely malnourished patients and significantly shorter in the obese. The time to no response on TOF stimulation was also prolonged in This study showed that malnutrition has significant effects on vecuronium-induced neuromuscular block. It has been suggested that there is a reduced requirement for muscle relaxants in marasmic patients because of reduced total body mass", but there are no details of the doses needed (mg.kgm' total body weight) in these patients. Malnutrition may increase the duration of action of relaxant by interfering with acetylcholine synthesis and release'. However, our study revealed that undernourished patients were less sensitive to the neuromuscular effects of vecuronium and required a larger dose (on a mg.kgmr total body weight basis) than patients who were well-nourished. It may be that undernourished patients lose relatively more fat than muscle. If this were so, the proportion of body weight present as muscle would be higher in the malnourished patients than in the normal and obese patients. Hence, a larger dose of muscle relaxant (mg.kgm' total body ?!l! the severely malnourished group and reduced in the obese. The duration of action varied considerably, with the obese having a markedly prolonged effect and the severely malnourished a markedly shortened one. A similar pattern was observed with the supplementary doses of vecuronium. Goat and colleagues showed that the rate of onset of muscle paralysis after injection of muscle relaxant depended on muscle blood flow'. This, in turn, is inversely related to blood viscosity'. Undernourished patients with low haemoglobin concentrations have low blood viscosity and may, as a consequence, have increased muscle blood flow8". In these circumstances a faster onset of neuromuscular blockade would be expected. The fact that our study showed a delay in onset of action and time to no response on TOF stimulation after injection of vecuronium in the malnourished group probably reflects the greater importance of lean body mass in dosing nondepolarizing muscle relaxants to patients with varying grades of nutritional status.
Only 30% of a dose of vecuronium is bound to plasma protein, mainly to albumin, so that modest alterations in plasma albumin concentrations are unlikely to be associated with clinically important effects"'.
Obese patients were found to have earlier onset and longer duration of action of vecuronium-induced block. It has been suggested that an increase in mean body weight leads to a relatively greater increase in adipose tissue than muscle. Beemer's group" advocates that the dosage of muscle relaxant in obese patients should be based on lean body mass rather than actual body weight to ensure that patients are not being overdosed. Our finding in obese patients can be explained by a lower ratio of lean body mass to actual body weight'.".
Recovery time after administration of neostigmine to a train-of-four ratio of 0.70 in both the undernourished and the obese patients was not significantly different from patients with normal nutrition. This finding is in agreement with earlier studies showing that residual vecuronium block can be easily reversed and the recovery time is relatively constant"-'". Undernutrition and obesity apparently do not influence recovery time after pharmacological reversal of residual blockade of vecuronium.
In conclusion, this study indicates that lean body mass may be preferable to total body mass as a means of calculating the dose of non-depolarizing muscle relaxant in undernourished and obese patients.
